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SUMMARY 

An investigation  has  been  made  in  the  Langley 300 MPH 7- by 10-foot 
tunnel  to  determine  the  aerodynamic  characteristics  of a spoiler-slot- 
deflector  configuration  in  combination  with a trailing-edge  29-percent- 
chord  high-lift  flap  extending  from  the 14- to  the  67-percent-semispan 
station.  The  wing  has a sweepback  of 4 5 O  at  the  quarter-chord  line, an 
aspect  ratio  of 4, a taper  ratio  of 0.6, and  an NACA 63~006 airfoil 
section  parallel  to  the  plane  of  symmetry.  Additional  tests  were  made 
with  the  flap  neutral  to  evaluate  the  effects  of  deflector  projection 
on  the  characteristics  of  the  wing  equipped  with a spoiler-slot- 
deflector  configuration  having  the  same  span  and  spanwise  position  as 
the  spoiler  and  deflector  had  with  the  flap  deflected. 

The  trends of the  curves  of  angle  of  attack,  drag,  and  pitching 
moment  with  lift  coefficient  for  the  high-lift  configuration  (flap 
deflected 70° with  the  spoiler  and  deflector  in  neutral  position)  are 
similar  to  those  obtained  in NACA Research  Memorandum ~ 5 6 ~ 1 0  on a 
single  slotted  flap.  The  spoiler-slot-deflector  configuration  on  the 
wing  with  the  flap  deflected TO0 gives  more  control  effectiveness  than 
the  spoiler  configuration  (deflector  neutral)  for  the  same  spoiler  pro- 
jection.  The  spoiler-slot-deflector  configuration  on  the  plain  wing 
shows  fairly  good  rolling  effectiveness  for  deflector-to-spoiler  pro- 
jection  ratios  from 0.50 to 1.00. However,  the  spoiler-slot-deflector 
configuration  having a deflector-to-spoiler  projection  ratio of 0.75 
gives  somewhat  better  rolling  effectiveness  when  the  entire  angle-of- 
attack  range  is  considered. 
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INTRODUCTION 

Recent  investigations  of  spoiler-type  controls  suitable  for  use on 
high-speed  thin-wing  configurations  have  shown  that  the  spoiler-slot- 
deflector has certain  advantages  over  the  flap-type  spoiler,  such  as 
lower  hinge  moments  and  more  effectiveness  at  high  angles  of  attack. 
(For  example,  see  ref. 1.) The  spoiler-slot-deflector  has  also  been 
shown  to  have  low  twisting  moments  which  has  been  associated  with 
spoiler-type  controls  in  general.  (See  ref. 2.) 

In order  to  make  use  of  the  wing  area  behind  the  spoiler-slot- 
deflector,  it  was  proposed  by  North  Amerlcan  Aviation, Inc., that  this 
device  be  used  in  combination  with a trailing-edge  high-lift  flap. If 
the  spoiler,  slot,  and  deflector  were  located  in  such a manner  that  the 
slot  would  be  at  the  nose  of  the  flap,  this  arrangement  could  be  used 
for  lateral  control  as  well  as  function  as a slotted  flap  for  high  lift. 
An investigation  of  such  an  arrmgement  was  conducted  in  the  Langley 
300 MPH 7- by  10-foot  tunnel  on a 6-percent-thick  wing  swept  back 45O 
with  an  aspect  ratio  of 4 and a taper  ratio  of 0.6 having an inboard 
trailing-edge  flap  hinged  at  the  0.71-chord  line  and  extending  from 
0.14 semispan  to 0.67 semispan. 

In  addition, a few  tests  were  made  with  the  flap  neutral  to  eval- 
uate  the  effects  of  deflector  projection  on  the  characteristics  of  the 
wing  equipped  with a spoiler-slot-cleflector  configuration  having  the 
same  span  and  spanwise  position  as  the  spoiler  and  deflector  had  with 
the  flap  deflected. 

COEFFICIENTS AND SYMBOLS 

The  forces  and  moments  on  the  wing  are  presented  about  the  wind 
axes  which,  for  the  condition  of  these  tests  (zero  yaw),  correspond  to 
the  stability  axes.  The  axes  intersect  at  the  plane  of  symmetry and 
the  chord  plane  of  the  model  at  the  25-percent-mean-aerodynamic-chord 
station  as  shown  in  figure 1. 

cL lift  coefficient, Twice  lift  of  semispan  model 
ss 

CD drag  coefficient, Twice  drag  of  semispan  model 
qs 



NACA RM ~ 5 6 ~ 3 1  - 3 

Cn 

9 

S 

b 
- 
C 

C 

P 

v 
A 

R 

U 

ss 

'd 

rolling-moment  coefficient  resulting  from  control  projection  at 

plane  of  symmetry, Rolling  moment  of  semispan  model 

yawing-moment  coefficient  resulting  from  control  projection, 
Yawing  moment  of  semispan  model 

ssb 

dynamic  pressure,  lb/sq  ft, 'PI? 
2 

twice  wing  area  of  semispan  model, 8.00 sq ft 

twice  span  of  semispan  model, 5.66 ft 

mean  aerodynamic  chord  of  wing, 1.64 ft 

local  wing  chord,  ft 

mass aensity  of  air,  slugs/cu ft 

free-stream  air  velocity,  ft/sec 

aspect  ratio, b*/s 

Reynolds  number  based on 

mgle of  attack,  deg 

spoiler  projection,  fraction  of  wing  chord  from  neutral  position 
(see fig. 2) 

deflector  projection,  fraction  of  wing  chord  from  neutral  posi- 
tion  (see  fig. 2) 

flap  deflection,  deg 

deflector-to-spoiler  projection  ratio 

MODEL AND APPARATUS 

The  semispan-sweptback-uing  model  was  mounted  vertically.  in  the 
Langley 300 MPH 7- by  10-foot  tunnel  with.  the  ceiling  serving  as a reflec- 
tion  plane.  The  model  was  mounted  on  the  balance  system in  such a man- 
ner  that  all  forces  and  moments  acting  on  it  could  be  measured.  The  wing 
had 45O of  sweepback  of  the  quarter-chord  line,  an  aspect  ratio  of 4, a 
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tapea  ratio. of 0.6, and  an  NACA 63~006 airfoil  section  parallel  to  the 
plane  of  symmetry, A plan  view  and  tabulated  wing  data  are  presented 
in  figure 1. 

'Ihe  model  was  equipped  with a spoiler-slot-deflec'tor  and  an  in- 
board  trailing-edge-flap  arrangement  as  shown  in  figure.2.  The  flap  was 
hinged  along  the  0.71-chord  line  and  extended from 0.14b/2  to  0.67b/2. 
The  spoiler  and  deflectors  used  in  this  investigation  were  ma,de.from 
3/32-inch  steel  sheet.  'Ihe  spoiler  had a chord  of 0. lOc, was  hinged 
along  the  64-percent-chord  line,  and  extended  over  the  same  span  as  the 
flap. Fqr the  configuration  with  the.flap  deflected  TO0  and  for  the 
plain-wing  configurations, the deflec.tor was of  the  same  dimensions  as 
the  spoiler. m e  deflector  was  hinged  on  the  lower  wing saface along 
the  71-percent-chord  line  for  the  configuration  with  the  flap  deflected 
TOa and  along  'the  74-percent-chord  line  for  the  plain-wing  configuration. 

TESTS 

The  tests  were run at  an  average  dynamic,pressure  of 100 pounds  per 
square  foot,  which  corresponds  to a Mch number of 0.26 and a Reynolds 
number of' 2.4 X lo6, based  on  the  wing  mean  aerodynamic  chord  of 
1.44 feet. 

Most of the  tests  were run through an angle-of-attack  range  from 
-4O to 260. Tests  were  made  with  the  spoiier-slot-deflector  config- 
uration  in  combination  with  the  flap  deflected TO0. Tests  were  also 
made  with  the  spoiler-slot-deflector  on  the  plain  wing  (flap  undeflec- 
ted)  at  three  spoiler  projections  for  several  deflector  projections. 

CORRECTIONS 

Jet-boundary  corrections,  obtained  from  methods  outlined in ref- 
erence 3, have  been  applied  to  the  angle-of-attack,  the  drag-coefficient, 
and  the  pitching-moment-coefficient  data.  Blockage  corrections,  as 
determined  from  reference 4 to  account  for  the  constriction  of  the  model 
on  the  tunnel  free-stream flow, have  been  applied  to  the  data. No 
reflection-plane  corrections  have  been  applied  to  the  rolling-moment 
coefficients. 
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RESULTS AND DISCUSSION 

Results  of  this  investigation  are  presented  graphically  in  figures 3 
to 7. The  aerodynamic  characteristics of the  plain  wing  (flaps  neutral) 
are  presented  in  these  figures  for  reference  only  and  will  not  be 
discussed. 

Aerodynamic  Characteristics of the  Spoiler-Slot-Deflector 

in  Conjunction  With  the  Flap 

The  longitudinal  and  lateral  control  characteristics  for  the  spoiler- 
slot-deflector  in  conjunction.with  the  flap  deflected TO0 are  presented 
in  figure 3. The  increment  of  lift  at  zero  angle  of  attack  resulting 
from  the  high-lift  configuration  (the  flap  deflected TO0 with a 0.005~ 
gap  between  the  spoiler  trailing.edge  and  the  nose  of  the  flap and a 0.03~. 
gap  between  the-deflector  leading  edge  and  the  lower  wing  surface,  the 
neutral  position  for  the  high-lift  configuration)  was 0.57 (fig. 3). 
Several  preliminary  unpublished  tests  were run to  determine  this  neutral 
position  for  the  spoiler  and  deflector  (based  on  lift  characteristics). 
The  plain  wing  reached  maximum  lift  at  an  angle  of  attack  of 24O, whereas 
the  high-lift  configuration  reached  the  same  lift  coefficient  at  an  angle 
of  attack  of 12'. The  drag  coefficients  for  the  high-lift  configuration 
were  increased  for  lift  coefficients  up  to 0.7; above  this  lift  coeffi- 
cient,  the  results  show a decrease  in drag coefficient  for a given  lift 
coefficient.  The  variation  of  the  curves  of  the  pitching-moment  coeffi- 
cient  with  lift  coefficient  (fig. 3 )  shows a region  of  instability  for 
the  plain  wing  at a lift  coefficient  of  about 0.58, whereas  the  high-lift 
configuration  was  stable  up  to  near  the  stall.  However,  this  configu- 
ration  would  possibly  necessitate  some  change  in  trim  when  deflected. 

The  trends  of  the  curves  of  angle  of  attack,  drag,  and  pitching- 
,moment  coefficients  with  lift  coefficient sham in  figure 3 for  the  high- 
lift  device  of  this  investigation  are  similar  to  those  trends  shown  in 
reference 5 for a single  slotted  flap  (rear  slot  sealed  in a double- 
slotted-flap  configuration)  on a 45' sweptback  wing.  The  lift  effective- 
ness  of  the  high-lift  configuration  of  this  investigation  is  about  what 
is  expected  for a single  slotted  flap  with  the  same  wing  plan form. 

With  the  flap  deflected TO0, projection  of  the  spoiler"(def1ector 
neutral) or the  spoiler-slot-deflector  configuration  (deflector-to- 
spoiler  projection  ratio  equal  to 0.75) generally  resulted in 
a decrease  in  lift  coefficient  throughout  the  lift-coefficient  range 
(fig. 3 ) .  With an increase  in  projection  of  these  controls,  the  drag 
coefficient  generally  increased  throughout  the  lift-coeff  icient  range. 
Although  the  slopes  of  the  curves  of  pitching-moment  coefficient  with I - 
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Iif t coefficient  were  generally  unchanged  by  projection  of  these  controls, 
the  unstable  region  experienced  by  the  high-lift  configuration  occurred 
at a lower.  lift  coefficient  with  increased  control  projection.  Increasing 
the  projection  of  the  spoiler or the  spoiler-slot-deflector  configuration 
generally  resulted  in  an  increase  in  rolling-moment  coefficient.  However, 
the  spoiler-slot-deflector  configuration ( &/Ss of 0.75) gave  more  con- 
%rol  effectiveness  than  the  spoiler  configuration  (deflector  neutral)  for 
the same spoiler  projection.  With  increasing  projection  of  either  of  the 
controls,  the  yawing-moment  coefficients  generally  became mone positive  at 
angles  of  attack  below  about 12'. 

afect of  Deflector  Projection  on  the  Aerodynamic  Characteristics 

of a Spoiler-Slot-DeTlector  on  the  Plain  Wing 

The  effect  of  deflector  projection  on  the  aerodynamic  character- 
istics  of a spoiler-slot-deflector  with  spoiler  projections  of 1, 4, 
and 6 percent  of  the  wing  chord  are  presented  in  figures 4, 5, and 6 ,  
respectively.  Increasing  the  deflector  projection  at a given  spoiler 
projection  generally  resulted  in a decrease  in  lift  coefficient, an 
increase  in  drag  coefficient, a positive  increment  in  yawing-moment 
coefficient,  and a positive  increment  in  pitching-moment  coefficient. 
However,  the  static  longitudinal  stability  was  gene.rally  unaffected  by 
increase  in  deflector  projection. An increase  in  deflector  projection 
generally  resulted  in an increase  in  the  rolling-moment  effectiveness 
for all deflector  projections  investigated. 

A summary of  the  rolling-moment  coefficients  resulting  from  pro- 
jection  of a spoiler-slot-deflector  configuration  having  deflector-to- 
spoiler  projection  ratios .of 0.50, 0.75, and 1.00 obtained  from  fig- 
ures 4 to 6 are  shown  in  figure 7 for  several  spoiler  projections. 

The  results  shown  in  figure 7 indicate  that  although  the  spoiler- 
slot-deflector  Configuration shows fairly g o d  rolling  effectiveness  for 
all  deflector-to-spoiler  projection  ratios  tested,  'the  spoiler-slot- 
deflector  configuration  having a deflector-to-spoiler  projection  ratio 
of 0.75 gave  somewhat  better  rolling  effectiveness  when  the  entire 
angle-of-attack  range  is  considered. 

CONCLUSIONS 

An investigation  was  made  in  the  Langley 300 MPH 7- by  10-foot  tun- 
nel to  determine  the  aerodynamic  characteristics  of a spoiler-slot- 
deflector  configuration  in  combination  with a trailing-edge  high-lift 
flap.  The  wing  had a sweepback  of 45O at  the  quarter-chord  line,  an 

I... I. I I ,  I 
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aspect  ratio  of 4, a taper  ratio  of 0.6, and  an  NACA 65~006 airfoil 
section  parallel  to  the  plane  of  symmetry.  Additional  tests  were  made 
with  the  flap  neutral  to  evaluate  the  effects  of  deflector  projection 
on  the  characteristics  'of  the  wing  equipped  with a spoiler-slot- 
deflector  configuration  having  the  same  span  and  spanwise  position  as 
the  spoiler  and  deflector  had  with  the  flap  deflected.  The  results  of 
the  investigation  led  to  the  following  conclusions: 

1. The  trends  of  the  curves  of  angle  of  attack,  drag,  and  pitching 
moment  with  lift  coefficient  for  the  high-lift  configuration  of.this 
investigation  (flap  deflected  to 700 with  the  spoiler,  slot,  and  deflec- 
tor  in  neutral  position)  are similar to  those  obtained  in  NACA  Research 
Memorandum ~56~10 on a single  slotted,flap. 

2. Increasing  the  projection  of  either  the  spoiler  configuration 
(deflector  neutral)  or  the  spoiler-slot-deflector  configuratfon 
(deflector-to-spoiler  projection  ratio ( & / S s )  equal  to 0.75) with  the 
flap  deflected 700 generally  resulted  in  an  increased  rolling  moment. 
However,  the  spoiler-slot-deflector  configuration  gave  more  control 
effectiveness  than  the  spoiler  configuration  for  the  same  control 
projection. 

3. The  spoiler-slot-deflector  on  the  plain-wing  configuration 
showed  fairly  good  rolling  effectiveness  for  deflector-to-spoiler  pro- 
jection  ratios  from 0.50 to 1.00. However,  the  spofler-slot-deflector 
configuration  having a deflector-to-spoiler  projection  ratio  of 0.75 
gave  somewhat  better  rolling  effectivenss  when  the  entire  angle-of- 
attack  range  was  considered. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field,  Va.,  August 13, 1956. 
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TABULATED WING DATA 

Sweep of quarbr-chord line, deg . 45 
Aspect ratio . . . . . . . . . . .  4.0 
Taper ratio . . . . . . . . . . .  0.6 
wing area (twice semispan), 
sqft . . . . . . . . . . . . .  8.0 

Airfoil section (parallel to 
plane of symmetry) . . . .  NACA 6 5 A W  

/ /  / I . 
Origin of axis, 

chord 

Figure 1.- Geometric character is t ics  of 45* sweztback  semispan wing 
model. (All dimensions are  in  inches  unless  otherwise  noted.) 

.., . . 
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8s =o j 8d =o 8s = Voriable; = %$ 

Section A A ,  ploin-Wing  Configurations 
.67c"/ 

00 7- 

8, and 8d = Voriable s%s = % 
Section A A ,  COnfigUratiOnS wi th  8, = 70" 

Figure 2. - Details of spoiler-slot-deflector and flap  configurations. 

- . . 
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(a )  Spoiler  variable,  deflector-  neutral. 

Figure 3 . -  Variation of  $he aerodynamic character is t ics  of the wing with 
the  f lap  def lected TO0. - 
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Figure 3.- Continued. 
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Figure 3. -  Continued. - 
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(b ) Concluded. 

Figure 3 . -  Concluded. 
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Figure 4.- Aerodynamic characterist ics of the plain wing equipped  with 
spoiler-slot   deflector having a spoiler  projection of - 0 . 0 1 ~  and a 
constant   s lot   s ize  of 0 . 0 4 ~  with various  deflector  projections. 
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Figure 4. - Concluded. 
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Figure 5.- Aerodynamic characterist ics of the  plain wing equipped  with 
spoiler-slot   deflector having a spoiler  projection'  of -0.04~ and a 
constant   s lot   s ize  of 0 . 0 4 ~  with  various  deflector  projections. 
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Figure 3.-  Concluded. 
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Figure 6.- Aerodynamic chAacter is t ics-  of the  plain wing equipped  with 
a spoiler-slot   deflector having spoiler  projection of - 0 . 0 6 ~  and a 
constant s l o t   s i z e  of 0 .04~  with  various  deflector  projections. 
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Figure 6.- Concluded. 
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Figure 7.- Variation of  rolling-moment coefficient  with  angle of attack 
for   the   p la in  wing equipped w i t h  spoiler-slot-deflector  configurations 
having a slot s i z e  of 0 .04~  for   var ious  spoi ler   project ions.  (Dashed 
curve  represents  data  obtained  from  cross  plots of f i g .  6. ) - 

NACA - LangLey Field, Vd. 
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